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Radiation hitting condensed matter

NEUTRONS X-RAYS ELECTRONS
Wavelength range 0.4-10A 0.1-5A 0.04-0.2A
Energy range 0.001 - 0.5eV 3000 - 100000 eV 6000 - 120000 eV
Cross-section 102 barns 102> Z2 barns ~10722 barns
Penetration depth ~ CM ~ um ~ Nnm
Typical flux 1011 51 m=2 1024 51 m2 1026 51 m2
Beam size mm-cm HM-mm nm-pm

Typical sample

Any bulk sample

Small crystals, powders,

Surfaces, thin films, grains,

surfaces gases
Diffraction Diffraction ' Ml_croscqpy
i : : Photon absorption Diffraction
Techniques Inelastic scattering h . .
Reflectivity P ot_oem|55|or_1 Emission spectroscopy
Inelastic scattering EELS
Magnetic/crystal
structures Crystal structures,
collective excitations electronic microstructure
Phenomena (phonons, spin waves) transitions crystal structures
electronic excitations (photoemission, electronic transitions
(crystal-field, spin- absorption),

orbit)




X-ray hitting condensed matter

incident beam

| absorbing substance

fluorescent x-rays /

heat

transmitted beam

electrons
scattered x-rays l | l
\ l ' (C‘ompton recoil photoelectrons
unmodified C'ompton modified electrons
(coherent) (incoherent) Auger electrons
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X-ray hitting condensed matter

Information content of a powder pattern

Background Reflections
/\ | A -
Sample  Scattering from Position Intensity (FWHM. peak shape)

v

Diffuse scatiering:

Local structure
Amorphous fraction
Lattice dynamics

sample holder,
air etc.

Compton scattering

v

Lattice parameters,

Space group:

Macro-strain
Qualitative phase
analysis

}\. = Zdhkl sin®

N

Instrument Sample

function broadening
v v

Crystal structure: Real structure:
Atomic positions Micro-strain
Temperature factor ~ Domain size
Occupancy
Texture
Quantitative

nhase analysis

F(h)= Y ¢'t'(s)/" (s)exp(2mih - x')
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Debye-Scherrer cones from a polycrystalline sample

)\, — 2dhkl sin®

= g

Cullity 98



Bragg-Brentano and Guinier diffractometer

Detector

......
----

/4 s
~ . Receiving

.. Slit
Divergence .
. Slit E
Anode &f-4-—y¢  Anti-scatter™ "
Filter/ [_Slits -
. 20
d - Sample .
" Holder ;
y Grah%Hite t A26m Detector
onocnromator ‘y‘
. / \ Detector

.....
______

/ S siit

e E Anti-scatter™
[ Slits

20

““Sample
Holder

........ Beam
~Stop
: Linear or
Anode : Curved PSD
' Detector
' 20
Curved Germanium -,
Monochromator
Anode Quartz
; chromator-_
29M .'
Detector
\Receiving
Slit

Dinnebier 34, 35_1, 35_2, 37



Bragg-Brentano diffractometer with monochromator
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Generation of x-ray
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Generation of x-ray
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Optimum voltage ~4 times characteristic energy (~30 kV for Cu anodes)
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X-RAY INTENSITY

Generation of x-ray

Ko
B
Z /AI / (l]
E 7 o
@] ! / | .
= , : | Filter thickness for
= / | | . * I(KOC) 500
& ;) [ [ . Incident heam I(KB) =1 I(Ke) trans.
8 ’ | | Target Filter I(Kw) ; m
. // | | . I(KB) in trans. beam
[ .
g ’ | : Ko mg/cm?2 in.
A, ! !
e | ! Mo zr 5.4 77 0.0046 0.29
2 K8 ', Cu Ni 75 18 0.0008 0.42
A I | Co Fe 9.4 14 0.0007 0.46
fﬂ ' [ Fe Mn 9.0 12 0.0007 0.48
7 : | Cr v 8.5 10 0.0006 0.49
— | _ -7 7 - 7 i -
= & : -7 * This is the intensity ratio at the target [G.11, Vol. 3, p. 71]. This ratio out-
- . - g side the x-ray tube will be changed somewhat by the differential absorption of
Ap Ko and Kp by the tube window, typically beryllium, 0.01 inch (0.25 mm) thick.
L | |
1.2 14 1.6 1.8 1.2 14 1.6 1.8
A (angstroms) A (angstroms)
(a) No filter (b) Nickel filter

Suppression of KB radiation by filter with lighter neighbor element in periodic table
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Samples for x-ray powder diffraction

13
. . e l = - :

Well prepared samples at the right sample holder is the key for success!!!

Dinnebier 42_1, 42 2



Samples for x-ray powder diffraction

/

Hygiene in preparing the powder is the second key for success!!!

Dinnebier 42_1, 42 2



Samples for x-ray powder diffraction
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Fig. 9-1 Back-reflection pinhole patterns of recrystallized aluminum specimens; grain
size decreases in the order (a), (b), (c), (d). Filtered copper radiation.
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Bragg-Brentano diffractometer for the desk

Goniometer & optics (incident)

X-ray tube

5% soller slit

Divergence slit

Sample stage

Shutter

Goniometer & optics (receiving)

S5 1.25°

Scintillation counter

5° Soller slit

RS 0.3 mm

. Ni Kp filter
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Example: growth of PrAuSi out of Sn flux
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Phase analysis with the PDF database

POWDER DIFFRACTION FILE

Sets 1-5 (Revised)

1-0024 wmasor correCTION

Inorganic Volume, No. PD1S-5iRB

Published by the
JOINT COMMITTEE ON POWDER DIFFRACTION STANDARDS
1601 Park Lane, Swarthmore, Pennsylvania 19081

33-1161 33-1162
d 3.34 4.26 1.82 4.26 $i0, *‘
/1) 100 22 14 22 Silicon Oxide Quartz, low
dA 1/1 /1
Rad. CuKgy A 1.540598 Filter Mono. Dia. ATH .11 dA_|' VI htl
Cur off 1/1, Diffractometer I/l cor. 4.257 22 100 1.2285 l 220
Ref. Nat. Bur. Stand. (U.S.) Monogr. 25, Sec. 18 (1981) | 3-342 | 100 101 1.1999] 2 213
2.457 8 110 1.1978 1 221
2.282 8 102 1.1843 3 114
Sys. Hexagonal S.G. P3;21 (152) 2.237 4 111 1.1804| 3 310
5 .
ag 4.9133(2) bo €05.4053() 4 S 1l 27 |6 | 200 | 1assz| o1 311
a ( Ibid 4 x e 1.9792 4 201 1.1405] <1 204
Ref. Ibid. 1.8179| 14 112 1.1143] <1 303
1.8021 <1 003 1.0813 2 312
€a nwpB 1.544 ey 1.553  Sign + 1.6719| 4 202 1.0635| <1 400
2V D 2.656 mp Color Colorless 1.6591 2 103 1.0476 1 105
Ref. Ibid. 1.6082 <l 210 1.0438| <1 401
1.5418 9 211 1.0347 | <1 214
Sample from the Glass Section at the National Bureau 1.4536 1 113 1.0150} 1 223
of Standards; ground single crystals of optical quality,| 1.4189) <1 300 0.9898) 1 402
locality unknown. Pattern at 25°C. 1.3820 6 212 .9873| 1 313
Silicon (au=5.43088xg used as internal standard. 1.3752 7 203 .9783| <1 304
F3o = 76.6(0.0126,31)., Quartz group. 1.3718 8 301 .9762 1 320
To replace 5-490. 1.2880 2 104 19636 <1 205
1.2558 2 302 6 refleqtions [to 0.9089

%2 12,8 | 3.0 | 60 12,8 | 280CL,. BHg0
1-0924
11, 100 83 67 100 Z1RcONIUW OXYCHLORIDE
1-CC24 0CTA HYDRATE
T MoK r 0.709 Filter 20y dA | 1/, hid dA | 11, bkl
Dia. 16 Incwes Cut off ColL 12.8 100 100 2.07 13
I/, CALIBRATED BTRIPS dcorr.abs? No 10.6 27 001 2,00 7
Rel H 7.9 20 101 1.91 13
6.9 67 111 1.81 13
Sys. TETRAGONAL sG. 4,80 13 102 1.7 13
:. 12,9 F e 10.68 ; Cc ";: g; 221 1_53 1:
3. 212,311] 1.5
Ret, B.P. (comrured Fom POWDER DATA) 10 83 320 151 M
3.24 40 400 1,46 7
ta nwf 1.552fy 1.563 Sign + 2.96 7 213 1.42 7
2V D mp Color
Rel Wa 2,74 7 402
2,55 7 |430,104
2,39 7 520
2,22 13 304,441
2,15 20 600
|NDEXED)|
By B.P.
I- 0378 MAJOR CORRECTION
0831
d 4.30 3.81 4,08 4,30 S10g 510,
1-0363
1, 100 §7 33 100 SiLicon D1 OxiDE Taiovuite (Low Form)
1-0378
Rad MoKa A 0.709 Filter Zr0q dA T [md Jad |13 | B
Dia. 16 1NcHES Cut off Coll 4,30 100 1.44 3
I/I, CAL1BAATED STRIPS deorr.abs? No 4,08 33 1.40 7
Ref. H, 3.81 67 1.36 3
3.43 1 1.31 4
Syz. ORTHORHOMEIC SG. 3.21 1 1.25 3
8 9.88 by 17.1 ¢ 16.3 A 0.578 C 0,954
a 8 ¥ Z 647 2.96 17 1.19 5
Ref Wy (Fom oMLY OHE TYPE of TRIDYMITE) 2.80 3 1.15 3
2,49 27 1,10 1
2.31 11
8a 16475 nof1.479 fy 1.481 BSign + 2.08 5
2V 35" D 2.26 mp Color COLORLESS
Ret. W, C.C. (For oWLY onE TYPE OF TRIDYWITE) |4 a4 3
T 1,69 8
TePs 10 By (LOWER HIGH-TRIDYMITE) AT 117 C 1,64 4
T.P. 70 Bz (urPER HiGH-TAIDYMITE) AT 163°C 1.60 4
SPEOIMEN WAS HAws RermrAcTORY Bmiox 1.53 5
Low TRIDYMITE OCGURS IN MANY POLYTYPIG FORMS,
THE PATTERNS OF WHICH ARE CHARACTERIZED BY THE
BAME BTFONG REFLEOTIONS AND DIFFERENT WEAX OMEB (BEE ALBO OTHER TRIDYMITE cAAD3). Sef FLORKE
HER D KERAL §9=-82(19 OR _REPR QM PORDER PHOTOGRAPE
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Example: growth of PrAuSi out of Sn flux
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Example: growth of PrAuSi out of Sn flux
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Powdercell
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Powdercell
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Example: growth of YbPtBi with partial element substitution

igl Jade 6 [Administrator*/AMES] Sunday, Jan 18, 2009 [PM935A.RAW] YbPEBi MgO crucible

File Edit Filkers #&nalvze Identify PDF Options Wew Help || Load Sawe Print Erase Macro #xes Report Zoom Fun Web
ﬂl 'ﬁa'l — |Iﬁ7’|@| %ll Ml-"ﬂ-lﬂlhﬁ*l#}blfﬁs\l E@.l%l@“ﬁlﬂﬂﬂ jﬂl Tip: you can use mouze wheel or ight-drag & E_'T?I

S PMI3Ee Raw = |“|"|:|F"tEng|:I crucible  SCAM: 10.0/100.0/0.024 [sec), Cu, [[max)=5303, 1<27=14.973-93.711> r ET[I]]lEI.EI !I

4119Files W@02| Date ] BE| o | halkee| €t | e J

Ali9Fies Dale _ Y N A 2 e |12 )

K.Q009F R 10/28/09 .

K.Q009F 10/29/08 =

KQ010.Raw 1043108 o || |1

KOO0,y 1043108 7

KOO1OLOM. R 10431408

KQ010LOM sy 1/mm8 — 3

Q011 R 1043108

KO0y 10/31/08 5000-

KOOTILOM. R 10431408

KQOT1LOM. xp 1043108

KQ012 R 1043108

KO01 2 ny 1043108 4000-

EQOZ2LOMN Rav 10431408 _

KO0 38 Raw 10/27/08 w

K01 351 R 10/27,/08 S —

KO01 347 01/18/09 &5 3000

KO0 48 Ras 10427208 = o

KO01441 Raw 10/27/08 g -

KO0 7. R 11/03/09 |5 —

KQO17 4y 11/04/08 E 2000- A

K020, Fah n/mane |« =

1 Files @ra| Date | +

PR II0E. wrml 10/22/08 1000- —

| A . ! YbPtBi

0 - i i =

_I_I_I_I_I;I_I_I;I_II 5 [ o 2 I3 3 A T e ) )

Raw Pattem 0 Peaks [ 2T=16189 | L=2992 | [=4870 | TwoTheta [5&V [PKS [DSP [FOF [FFT [RPT [PID [525 [KSI I
ﬂﬁtart” . ﬁ I*_:,§|| ﬂngak |[|ﬂ5taru:| |_|Meas |.M||:r|:| ” & Jade .. a.ﬂ.ndreasl |®%@@E 4:01 PM

Nice crystals of parent compound

E. D. Mun: PM935-Ex2a



Example: growth of YbPtBi with partial element substitution
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Example: growth of Ba(Fe,_Co,),As,
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FIG. 2. (Color online) Unit-cell volume and Co concentration
determined from WDS measurement as a function of nominal Co
concentration. Multiple WDS data points were collected for each
nominal x and are each plotted, giving a sense of measured varia-
tion in Co concentration. Inset: picture of a representative single
crystal over a millimeter grid.
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Example: preparation of RFeAs(O/F)

High-temperature x-ray diffraction with 2-dimensional detector
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Example: preparation of RFeAs(O/F)
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Example: preparation of RFeAs(O/F)
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Example: preparation of RFeAs(O/F)
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